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 Comparison of one repetition maximum performance across three weightlifting 1 
overhead pressing exercises and sport groups 2 
 3 
ABSTRACT 4 
Objective: This study aimed to (I) compare the one repetition maximum (1RM) 5 
performance between the push press (PP), push jerk (PJ) and split jerk (SJ), and (II) 6 
explore these differences between weightlifters, CrossFit® athletes and a mixed group of 7 
athletes. Method: Forty-six resistance trained male (age: 28.8 ± 6.4 years; height: 180.0 8 
± 6.0 cm; body mass: 84.1 ± 10.2 kg; weightlifting training experience: 3.64 ± 3.14 years) 9 
participated in this study. The 1RM performance of the PP, PJ and SJ were assessed 10 
during the same session in a sequential order (i.e. combined 1RM assessment method). 11 
Thirty-six participants were re-tested to determine between-session reliability of the 1RM 12 
values. Results: Intraclass correlation coefficients (ICC) and associated 95% confidence 13 
intervals showed a high between-session reliability for the PP (ICC = 0.98 [0.95-0.99]), 14 
PJ (ICC = 0.99 [0.98-1.00]) and SJ (ICC = 0.99 [0.98-1.00]). There was a significant main 15 
effect of exercise (2 = 0.662) and exercise x group interaction (2 = 0.066) on the 1RM 16 
performance (p<0.0001), while the main effect of group did not reach statistical 17 
significance (p=0.072). Conclusion: This study provides evidence that the weightlifting 18 
overhead pressing derivatives impact the 1RM performance. In addition, the interaction 19 
of exercise and sport group was caused by the higher differences in the 1RM performance 20 
between-exercises for weightlifters compared to CrossFit® and a mixed group of athletes. 21 
Therefore, strength and conditioning professionals should be aware that the differences 22 
in 1RM performance between weightlifting overhead pressing derivatives may be 23 
affected by the sport group. 24 
 25 
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 INTRODUCTION 27 
High levels of muscular strength and power development are key to maximizing athletic 28 
performance.1 Researchers currently suggest that greater muscular strength underpins 29 
many physical and performance attributes and can be vastly influential in the ability to 30 
generate high rates of force development (RFD) and high levels of power.1,2 Furthermore, 31 
James et al.3 found that improvements in performance of high velocity sporting actions 32 
are associated with pre-existing strength levels.   33 
 34 
The one repetition maximum (1RM) is considered the gold standard for assessing the 35 
maximal strength during dynamic tasks.4 The 1RM can be performed using the same 36 
exercises as those undertaken by the athletes during their regular training and is 37 
commonly used to prescribe the loads during resistance training programs.5 The 1RM is 38 
frequently assessed by strength and conditioning professionals to compare the strength 39 
between sports and to monitor the changes in strength over time; however, only a few 40 
exercises such as the bench press, squat and power clean are commonly reported.6,7 For 41 
example, McBride et al.7 found that the 1RM performance in the squat exercise was able 42 
to discriminate the strength levels of weightlifters, powerlifters, sprinters and 43 
recreationally trained athletes (p<0.05). Of note is that the weightlifter’s 1RM was 44 
significantly higher compared to sprinters 1RM (p<0.05) but no significant differences 45 
were observed compared to powerlifters (p>0.05). 46 
 47 
The fact that the bench press, squat and power clean are the exercises most commonly 48 
used for assessing strength levels may lead to insufficient and inaccurate information to 49 
provide strength guidelines to various populations across numerous exercises included in 50 
resistance training programs. It has been suggested that multiple measurements of 51 
strength should be used to capture general strength adaptations of a given athlete.4 It is 52 
important to note that there are notable differences in 1RM performances between 53 
exercises with similar kinematics. For example, Kelly et al.8 compared the 1RM 54 
performance between three power clean variations (from the floor, from the knee and 55 
from mid-thigh) in twelve male collegiate athletes, reporting subtleties in exercise 56 
technique resulting in meaningful differences (>6%) in the 1RM performance. Similarly, 57 
Yavuz et al.9 reported meaningful differences between the front and back squat variations 58 
with participants lifting significantly higher loads during the back squat compared to the 59 
front squat (p<0.05). 60 
 61 
Researchers have suggested potential benefits for implementing overhead pressing 62 
derivatives as training tools to improve not only weightlifting performance, but also to 63 
enhance sports performance.10 Notably, researchers have provided evidence that these 64 
exercises may be a time-effective method of enhancing lower-body strength and power; 65 
however, modifications in technical execution and equipment result in meaningful 66 
differences in force-time characteristics.11,12 Therefore, the assessment of 1RM 67 
performance of different overhead pressing variations may provide valuable information 68 
to practitioners. To the authors’ knowledge, there is little information regarding 1RM 69 
overhead pressing derivatives and no research has compared differences in 1RM between 70 
the main overhead pressing derivatives as the push press (PP), push jerk (PJ), and split 71 
jerk (SJ). Furthermore, it is important to note that although researchers have compared 72 
the 1RM performance between variations of the power clean,8 they have not compared 73 
these exercise variations between athletes of different sporting backgrounds. 74 
 75 
 The main aim of this study was to compare the 1RM performance between three 76 
variations of overhead pressing (PP, PJ and SJ) for three different sport populations 77 
(weightlifters, CrossFit® athletes and a mixed group of athletes). A further aim of the 78 
study was to compare to 1RM performance of these variations across the three sport 79 
populations. Based on the evidence that the greatest force, velocity and power occur 80 
during the SJ,10 it was hypothesized that, regardless of the sport population, the 1RM 81 
performance would be ranked from the highest to the lowest as follows: SJ, PJ and PP 82 
variation. Due to the higher predominance of overhead pressing derivatives in 83 
weightlifters’ training routines,13 it was also hypothesized that weightlifters would 84 
present the highest 1RM for these exercises.   85 
 86 
METHOD 87 
Subjects 88 
Forty-six resistance trained males volunteered to participate in this study (Table 1). 89 
Participants were amateur competitors in regional and national tournaments in their 90 
respective disciplines. Furthermore, they were required to have at least six months of 91 
weightlifting experience including the PP, PJ and SJ, performed regularly (> 3 times per 92 
week) in their respective strength and conditioning training preparations. Participants 93 
were subdivided into three groups depending on their sport background: weightlifting, 94 
CrossFit®, and a mixed group of athletes (e.g. rugby league, rugby union, football, track 95 
and field, wrestling, gymnastic, volleyball and basketball). All participants had 96 
previously performed 1RM testing for a variety of exercises. The investigation was 97 
approved by the institutional review board of the University of Salford, and all 98 
participants provided written informed consent before participation. The study conformed 99 
to the principles of World Medical Association’s Declaration of Helsinki. Participants 100 
were supervised by a certified strength and conditioning specialist during all testing 101 
sessions to allow familiarization with the protocols and ensure appropriate technique. 102 
 103 
Experimental design 104 
A within- and between-subjects design was adopted to determine the between session 105 
reliability of 1RM performance and to determine the differences in the 1RM performance 106 
across three weightlifting overhead pressing derivatives (PP, PJ and SJ), while also 107 
comparing across sport groups (weightlifters, CrossFit® and a mixed group of athletes). 108 
46 healthy men were evaluated using the combined 1RM assessment method; a 109 
standardized protocol previously validated on a similar population for overhead pressing 110 
exercises 14. In brief, the 1RM performance of the PP, PJ and SJ were assessed during the 111 
same session in a sequential order. All testing sessions were performed using standardized 112 
barbells and plates (Werksan weights and Olympic bar; Werksan, Moorestown, New 113 
Jersey, USA), lifting platforms and power racks (Powerlift, Iowa, USA). Furthermore, 114 
thirty-six participants performed the combined 1RM assessment method one week apart, 115 
to test the between-session reliability of the 1RM performance for each exercise. Verbal 116 
encouragement was provided throughout all maximal testing conditions. Participants 117 
were asked to replicate their fluid and food intake twenty-four hours before each day of 118 
testing, to avoid strenuous exercise for forty-eight hours before testing, and to maintain 119 
any existing supplementation regimen throughout the duration of the study. All testing 120 
was performed at the same time of day for all participants to minimize the effect of 121 
circadian rhythms. 122 
 123 
Testing procedures 124 
 Participants completed a warm up protocol which has been previously described by 125 
Soriano et al.14 Briefly, this consisted of dynamic activation, exercise-specific drills and 126 
one set of five submaximal (50-60% of the maximal perceived effort) repetitions in each 127 
exercise (PP, PJ and SJ). Five minutes of rest was taken, followed by another set of three 128 
submaximal (70-85% of the maximal perceived effort) repetitions for each exercise. After 129 
the warm-up, participants rested for 5 min before the start of the combined 1RM 130 
assessment method. 131 
 132 
Measurement equipment and data analysis.  133 
The combined 1RM assessment consisted of performing the 1RM test for the PP, PJ and 134 
SJ in a sequential order. The three exercises started from a near-maximal load (95% of 135 
the maximal perceived effort) and each successful attempt was followed by a small 136 
increment of the load (2.5-5.0%) until the 1RM was reached, following previous NSCA 137 
guidelines.15 Participants rested for 3 to 5 min between attempts within the same exercise 138 
and between-exercises. Hence, the 1RM in PP served as a preparation exercise for the PJ 139 
and both for the SJ, due to the fact that all of these exercises have a similar movement 140 
pattern.10 The barbell was taken out of power racks before starting each attempt to 141 
minimize the fatigue associated with the performance of the clean, which precedes the 142 
jerk in competitions.16 143 
 144 
Statistical analyses 145 
Descriptive data are presented as means and standard deviation (SD). To determine the 146 
between-session reliability of the 1RM assessment, the coefficient of variation (CV), 147 
intraclass correlation coefficient (ICC; model 3.1) and associated 95% confidence 148 
intervals (CI) were calculated and interpreted based on the recommendations of Cortina17 149 
where an ICC > 0.80 is considered as highly reliable, while a CV < 15% was used as a 150 
criterion for the minimum acceptable reliability.18 The reliability analysis was performed 151 
by means of a custom spreadsheet,19 while SPSS (version 25.0: SPSS, Inc., Chicago, IL, 152 
USA) was used for the remaining analyses. Normality of the anthropometric measures 153 
(height and body mass) for each group was confirmed by the Shapiro-Wilk’s (p>0.05), 154 
while the age and weightlifting training experience were not normally distributed for 155 
weightlifters and mixed athlete groups (p<0.05). Two one-way analysis of variance 156 
(ANOVA) with Bonferroni post hoc analysis were used to test between-group differences 157 
for the height and body mass, while the Kruskal-Wallis’ test for independent samples was 158 
used to compare the age and weightlifting experience between groups. 159 
 160 
Shapiro-Wilk’s and Levene’s tests were used to determine the distribution of the 1RM 161 
performances and the homogeneity of variances, respectively. The Greenhouse-Geisser 162 
correction was used when the assumption of sphericity was violated (p<0.05). A mixed 163 
repeated measures ANOVA with Bonferroni post hoc analysis was applied using the 164 
exercises (PP, PJ, and SJ) as within-subject factor, and group (weightlifters, CrossFit®, 165 
and mixed athlete groups) as between-subject factor. An a priori alpha level was set at p 166 
< 0.05. Effect sizes were determined using eta squared (2) to determine the magnitude 167 
of the effect independently of the sample size; 2 has previously been recommended for 168 
ANOVA designs,20 and interpreted based on the recommendations of Cohen,21 where 169 
effect sizes of < 0.06 are considered small, 0.06-0.14 are medium, and  > 0.14 are 170 
considered large effects.  171 
 172 
 RESULTS 173 
The ICCs demonstrated high between-session reliability of the combined 1RM 174 
assessment for the PP (ICC = 0.98 [0.95-0.99]), PJ (ICC = 0.99 [0.98-1.00]) and SJ (ICC 175 
= 0.99 [0.98-1.00]). In addition, the low CV also confirmed the high reliability for the PP 176 
(CV = 2.45 % [1.99-3.20]), PJ (CV = 1.57 % [1.27-2.05]) and SJ (CV = 1.67 % [1.35-177 
2.17]). 178 
 179 
Participants characteristics’ mean and SD (age, height, body mass and weightlifting 180 
training experience) are shown in Table 1. The results of the one-way ANOVA revealed 181 
no significant differences for the anthropometric measures (height and body mass), while 182 
the Kruskal-Wallis test revealed significant (p=0.004) differences for the age between-183 
groups. The results of the Mann-Whitney U’s test revealed that the CrossFit® group was 184 
significantly (p=0.004) older than the weightlifters and the mixed group of athletes. In 185 
addition, no differences were found for weightlifting training experience between groups. 186 
 187 
 188 
 189 
 190 
The results of the ANOVA revealed a significant main effect of exercise and exercise x 191 
group interaction on the 1RM performance with medium and small effect sizes, 192 
respectively. However, for the combined 1RM performances there were no significant 193 
differences between groups with an observed power of 0.918 (Table 2).  194 
 195 
 196 
 197 
Weightlifters demonstrated significantly higher 1RM SJ performance (115.3 ± 21.2 kg) 198 
compared to the PJ (105.5 ± 17.9 kg; p<0.001) and PP (94.7 ± 17.6 kg; p<0.001). The 199 
 CrossFit® group demonstrated significantly higher 1RM SJ performance (96.6 ± 16.3 kg) 200 
compared to the PP (86.1 ± 13.8 kg; p<0.001), but not significant than the PJ (93 ± 14 kg; 201 
p=0.90). The mixed group of athletes demonstrated significantly higher 1RM SJ 202 
performance (102.9 ± 18.3 kg) compared to the PP (90.4 ± 14.8 kg; p<0.001), but not 203 
significantly greater than the PJ (97.1 ± 17.4 kg; p=0.110) (Fig 1). 204 
 205 
 206 
Figure 1. Comparison of one repetition maximum performances between exercises and between groups, PP 207 
push press, PJ push jerk, SJ split jerk, WL weightlifters, CF CrossFit® athletes, MX mixed group of 208 
athletes, a significantly (p<0.001) lower than the WL-SJ, b significantly (p<0.001) greater than the CF-PP, 209 
c significantly (p<0.001) greater than the MX-PP, *significantly (p<0.001) greater than the WL-PP, # 210 
Significantly (p<0.001) greater than CF-PP, $ significantly (p=0.028) greater than MX-PP. 211 
 212 
DISCUSSION 213 
The main finding of this study was that a significant effect of exercise was found on the 214 
1RM performance in line with our previous hypothesis, however, there was no significant 215 
effect of group. These findings are important for strength and conditioning coaches 216 
because they describe not only the variations of the 1RM performance through the main 217 
overhead pressing derivatives (PP, PJ and SJ), but also how these variations occurred in 218 
different sport groups. In addition the ICC and CV showed a high between-session 219 
reliability for the three exercises in line with previous results.14  220 
 221 
As hypothesized, the SJ was the exercise where the heaviest loads were lifted for the three 222 
groups, followed by the PJ and PP. However, for the CrossFit® athletes and the mixed 223 
group there were no significant differences for the 1RM performance between the PJ and 224 
SJ. This 1RM performance sequence was expected based on the notion that the jerk 225 
provides a greater stimulus for force, velocity and power production.10,22 The differences 226 
in the 1RM performance may be attributable to the technical peculiarities of each exercise 227 
variation as previously stablished for the power clean.8 According to this, although the 228 
three exercises share the same lower-body propulsion pattern (composed by the dip, 229 
breaking and thrusting phases), there are important differences between the PP, PJ and SJ 230 
at the end of the propulsion phase. Mainly, in the PP the lifter must continue pressing the 231 
barbell with the upper body (flexion of the shoulders and extension of the elbows) to 232 
reach the overhead position in a continuous motion;23 on the other hand, when the barbell 233 
leaves the shoulders during the PJ and SJ the lifter must drop under the barbell in either 234 
a ¼ squat (PJ) or split position (SJ) to catch the barbell overhead.24 Therefore, the SJ and 235 
 PJ are clearly advantageous to lift greater loads as less barbell displacement and therefore 236 
mechanical work is required to receive the barbell overhead.10,24  237 
 238 
The groups included in this study represent 3 different sport populations based on their 239 
competitive disciplines. Previously, researchers found that maximal strength levels of the 240 
lower body extremities may discriminate the long-term adaptations of the training 241 
specificity in athletes from different sports.7,25 For example, Izquierdo et al.25 found that 242 
a weightlifting group was differentiated in comparison to other sport groups (e.g. handball 243 
players, middle-distance runners, road cyclists and a control group), by their higher 1RM 244 
performance in the half squat; however, McBride et al.7 found that 1RM performance was 245 
able to differentiate weightlifters vs. sprinters and a control group, but not from the 246 
powerlifters. Since the training routines of both weightlifters and powerlifters usually 247 
implement heavy squats, it seems that the training specificity plays a major role of the 248 
training adaptations and therefore, the 1RM performance of a given exercise is influenced 249 
by such training background. In the present study, all participants had weightlifting 250 
training experience and no statistical differences in weightlifting training experience were 251 
found between groups. Although there were no significant differences in the 1RM 252 
performance between groups, the weightlifters showed a trend to have higher 1RM 253 
performances for the three exercises in comparison to the other groups. However, our 254 
results show that the PP, PJ and SJ were not able to discriminate between groups as 255 
previously stated for the squat.7,25 Note that differences in training experience were based 256 
on years of training, however the hours of training and practice in the weightlifters are 257 
likely to be substantially higher than in other groups. 258 
 259 
A clear interaction effect between exercises and sport group was found in the present 260 
study. For example, the weightlifters’ SJ was the most discriminative exercise as this 261 
presented the biggest difference in performance between the three groups; however, no 262 
significant differences were found between the PJ and SJ for the CrossFit® and the mixed 263 
group of athletes. Although these differences may be attributable to a wide range of 264 
physiological and psychological factors,16,26,27 these results support the specificity 265 
training principle7,25 and the theory of Buckner et al.4. The theory of Buckner et al.4 266 
reflects that the 1RM performance assessment (test) is a highly specific sporting task, 267 
which means that the more the practice, the better the performance.4 Due to that the SJ is 268 
highly trained by weightlifters and is part of official weightlifting competitions,13,16 its 269 
discriminative role only for the weightlifters group is justified.  270 
 271 
Finally, the training status may be a limiting factor in the generalizability of these 272 
findings.4,28 Note that although the three groups can be considered as well-trained athletes 273 
due to the specified resistance training background of > 2 years,29 they may otherwise be 274 
classified as recreationally trained based on the recommendations of Rhea.30 Therefore, 275 
more research is needed to elucidate how world class and more experienced participants 276 
than those used for this study may impact the 1RM performance during the PP, PJ and 277 
SJ.  278 
 279 
 280 
 281 
PRACTICAL APPLICATION 282 
The present study provides evidence that the main weightlifting overhead pressing 283 
derivatives impact the 1RM performance. Strength and conditioning professionals should 284 
be aware of these differences in order to prescribe the loads adequately and choose the 285 
 desired exercises. The SJ may be more favourable when attempting to increase the 286 
maximal strength levels in weightlifters, followed by PJ and PP. However, CrossFit® and 287 
the mixed group of athletes may use the SJ and PJ interchangeably when the objective is 288 
to increase the maximal strength levels. Furthermore, this research extends the specificity 289 
principle due to the interaction effect of exercise (PP, PJ and SJ) and sport group on the 290 
1RM performance. Specifically, weightlifters presented higher differences in the 1RM 291 
performance between-exercises (9-22%), in comparison to the CrossFit® group (4-11%) 292 
and the mixed group of athletes (6-14%). Therefore, practitioners should be aware of 293 
differences in the 1RM performance between weightlifting overhead pressing derivatives 294 
may be affected by the sport group. This study provides preliminary evidence for future 295 
research into a comparison of the variations in the 1RM performances in a long-term 296 
structured programme, where the training specificity of each group may have a greater 297 
impact. 298 
 299 
 300 
CONCLUSIONS 301 
There is an effect of exercise on the 1RM performance during the main weightlifting 302 
overhead pressing derivatives (PP, PJ and SJ). The SJ is the exercise where the greatest 303 
loads were lifted for the three sport groups assessed; however, it was not  significantly 304 
greater for the CF and MX groups in comparison to the PJ. In addition, the interaction of 305 
exercise and sport group revealed that the sport group impacted the 1RM performance 306 
with weightlifters showing the largest differences in 1RM performance between 307 
exercises. 308 
 309 
 310 
 311 
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FIGURE CAPTIONS 404 
Figure 1. Comparison of one repetition maximum performances between exercises and between groups, PP 405 
push press, PJ push jerk, SJ split jerk, WL weightlifters, CF CrossFit® athletes, MX mixed group of 406 
athletes, a significantly (p<0.001) lower than the WL-SJ, b significantly (p<0.001) greater than the CF-PP, 407 
c significantly (p<0.001) greater than the MX-PP, *significantly (p<0.001) greater than the WL-PP, # 408 
Significantly (p<0.001) greater than CF-PP, $ significantly (p=0.028) greater than MX-PP. 409 
 410 
